Objective: Arthropod-borne viral diseases are a major burden on the health-care system worldwide. Only a few studies have reported on coinfection of dengue fever (DF) with the chikungunya virus in North India. We investigated the seroprevalence and significance of the clinicobiochemical profile of dengue and chikungunya coinfection. Besides this, the authors try to emphasize rationalize platelets transfusion. Material and Methods: The present study was conducted at the Heritage Institute of Medical Science, Varanasi, India, from July to December 2016. A total of 1800 suspected cases with acute viral febrile illness (age >18 years) were investigated to exclude other causes of acute febrile illnesses. Of these, 121 patients (6.72%) were diagnosed as seropositive for dengue and chikungunya mono or coinfection using IgM ELISA and were included in the study. Results: The male gender was predominant. The majority were in the 20-30-year age group with cases peaking in November. There were 102 (84.29%) cases of dengue, 6 (4.95%) cases of chikungunya, and 13 (10.74%) cases positive for coinfection. Fever was present in all cases. Headache followed by nausea/vomiting and generalized weakness were the most common symptoms in patients with DF while body aches and joint pain were most common in those with chikungunya fever. Deranged liver function and leukopenia were the most common complications in dengue. Conclusion: Joint-related symptoms (pain and restricted movements) were statistically significant in chikungunya monoinfection. Two patients with DF were died. There was no significant added severity of clinical features and blood investigations in patients with coinfection with dengue and chikungunya compared to those with monoinfections.
Clinical profile of dengue fever and coinfection with chikungunya
. There were 110 patients seropositive for dengue. Dengue Day 1 Test kit negative but suspected cases (n = 51) were sent at Microbiology Department, IMS, BHU, for the detection of dengue and chikungunya. Of those, 6 were positive for chikungunya and 5 were positive for dengue.
On the other hand, suspected cases (rapid test positive dengue) were also sent at BHU for the detection of chikungunya. Of those, 13 cases were positive for chikungunya (coinfection). For detection of IgM antibodies against dengue and chikungunya, the DEN and CHIK MAC ELISA test kits (National Institute of Virology [NIV] Pune, India) were used in the Department of Microbiology, IMS, BHU. The sensitivity and specificity for the NIV Dengue IgM capture ELISA kit (version 2.4) were 98.53% and 98.84%, respectively, and for the NIV CHIK IgM capture ELISA kit (version 3.4) were 95% and 98%, respectively. Clinical signs and symptoms, severity, and outcomes with relevant laboratory parameters were compared in detail.
Seropositive patients were treated with oral paracetamol and plenty of fluids with vitamin E supplementation. Tramadol, an opioid analgesic was used for arthralgia and symptomatic treatment was used for symptoms such as itching and vomiting. Intravenous drugs and platelet transfusions were given accordingly to guidelines.
Statistical analysis
Online data analysis was done using GraphPad software (Quick-Calcs version). The results of this study are presented as mean ± standard deviation (SD) and percentages. Mean and SD were computed for all continuous variables and comparisons were done using Student's t-test. A test of significance of the differences between two independent proportions was performed using Fischer's exact test. Values were judged extremely significant (P < 0.001), very significant (P = 0.001-0.01), significant (P = 0.01-0.05), or not significant (P ≥ 0.05).
results
A total of 121 (6.72%) of the 1800 cases of acute febrile illness were seropositive. Of these, 102 cases (84.3%) were DENV positive, 6 (5%) were CHIKV positive, and 13 (10.8%) cases were coinfections (DENV + CHIKV positive). There were 77 (63.6%) men and 44 (36.4%) women. The majority were in the 20-30-year age group. A seasonal peak with 42 (34.7%) cases was seen in November [ Figure 2 ]. The patient characteristics and salient clinical features of acute dengue infection, acute chikungunya infection, and coinfection are compared in Tables 1 and 2 . Rural residency was prominent in all groups.
Fever was seen in all cases (100%). In dengue infection, common symptoms included weakness, nausea/vomiting, headache, body pain, and bleeding diathesis. Deranged liver function was seen in 100 (98.1%) patients and deranged renal function in 23 (22.6%). Other complications included hypotension, ascites and pleural effusion. The symptomology of chikungunya included headaches, joint pain, weakness, and restricted joint movement. No complications were reported. All 13 patients with coinfection had headaches, body aches, joint pain, and weakness.
Biochemical investigations reported anemia in 34 (33.3%) dengue cases, leukopenia in 53 (52%) dengue cases, and 7 (53.8%) cases of coinfection but not in any cases of chikungunya. Thrombocytopenia was reported in 96 (94.1%) with dengue infection, 2 (33.3%) with chikungunya and 13 (100%) with coinfection. Elevated creatinine was seen in 23 (22.6%) cases of dengue and 3 (23.1%) cases of coinfection but no case of chikungunya. Elevated levels of serum glutamate-pyruvate transaminase alanine aminotransferase (ALT) and serum glutamic-oxaloacetic transaminase aspartate aminotransferase (AST) were seen in 68 (66.7%) and 88 (86.3%) dengue infections, respectively, and both were elevated in 10 (76.9%) patients with coinfection. Hypoalbuminemia was seen in 44 (43.1%) cases of dengue infection. The mean laboratory parameters are summarized in Table 3 . In DF, lowering of platelets was a prominent parameter, and platelet transfusions were done in 13 (12.7%) dengue cases, as shown in Table 4 . The degree of deranged liver enzymes in the groups is shown in Table 5 .
dIscussIon
Dengue and chikungunya fever are globally important arboviral infections. The first outbreak of the CHIKV in India occurred in 1963 in Kolkata [3] followed by epidemics in Tamil Nadu, Andhra Pradesh, and Maharashtra [5] . By 2010, the disease had spread to more than 18 states/ union territories within the country [6] . Over the past few years, many studies have reported chikungunya and dengue-coinfection in several parts of India [3, 5] . The diseases share a common mode of transmission through different species of mosquitoes, that is, Aedes aegypti as a principle vector and Aedes albopictus as a secondary vector [1, 7] . These infections have many common clinical features such as high-grade fever, rashes, nausea, headache, and body pain, so it is not always easy to differentiate the two infections clinically. Chikungunya fever is often misdiagnosed as dengue viral infection. In most cases of mild infection, symptoms subside spontaneously because the viral titer decreases in about 10 days [7] . Dengue infections are divided on the basis of clinical criteria into DF, DHF, DSS, and expanded dengue syndrome [8] . Expanded dengue syndrome includes atypical manifestations of dengue infection affecting the hepatic, gastrointestinal, neurological, pulmonary, and renal systems [9] [10] [11] .
Chikungunya viral infection is not generally fatal but can cause neurological and optical manifestations. Severe joint pain is the prominent clinical manifestation and can persist for months to a year [7] .
As DF has a high incidence and mortality rate, symptomatic patients are tested only for DENV and only in rare cases for chikungunya viral infection. This is an important reason why chikungunya cases go undiagnosed in dengue-endemic regions, and the true burden of the chikungunya viral infection has been missed. Thus, investigation for both viruses should be done, especially in endemic regions. Accurate and early diagnosis of coinfections would help inappropriate management [7] .
The number of cases increases during and after the monsoon months because higher humidity lengthens the life span of mosquitoes and increased temperatures shorten the extrinsic incubation period [1] . Rising of the cases during the monsoon period with highest cases in different months had been reported in previous studies from India [1, 3, 12, 13] . November was peak among the monsoon months in this study.
Previous studies using serological methods had the prevalence of coinfection ranging 0.9% to 19%, whereas in this study, it was 10.74%. A summary of studies from all over world is shown in Table 6 [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . The present study showed that the 20-30-year age group males and patients from rural areas were more affected than their counterparts. Social bias may be a reason for higher rates of infections in males as India remains a male dominant country. The study showed a statistically significant presence of headache and myalgia/body ache in DF alone and coinfections, while joint involvement featured in patients with chikungunya infection alone and in coinfection with dengue. There were no significant differences in biochemical parameters, except for the mean serum albumin level in patients with DF and those with coinfections [ Table 3 ]. In contrast to the study in Mumbai, this study results did not reveal any significant reduction of platelets in patients with coinfection [5] . Thus, symptoms such as headache, myalgia/body ache, and arthralgia may be helpful clinically in addressing the infections separately. Joint pain was persistent in chikungunya and coinfection patients for 1-2 months, while in those with dengue infection alone, joint pain subsided with improvement in the clinical condition. There were no reported cases of residual joint deformity. There were no statistically significant differences in the mean values of blood counts and chemistry in patients with dengue infection alone compared with those with coinfection. Many studies have shown changing trends in the clinical profile of dengue, so there is more concern about evaluating dengue properly. For management purposes, dengue cases are divided into mild, moderate, and severe dengue as follows [29] :
• Mild dengue: Fever without any complications or evidence of capillary leakage • Moderate dengue: Fever with recurrent vomiting, abdominal pain/tenderness, generalized weakness/lethargy/ restlessness/palpitations/breathlessness, decreased urine output, mild pleural effusion/ascites, hepatomegaly, increased hematocrit >20%, and DHF I and II with minor bleeding (scanty hemoptysis, hematemesis, hematuria, gum bleeding, increased menstrual flow, etc.) • Severe dengue: DF/DHF with significant hemorrhage, DHF with shock, severe organ involvement, and severe metabolic disorder. Patients with moderate and severe dengue are hospitalized and managed accordingly.
Anemia was observed in 33.33% and leukopenia in 51.96% of dengue cases. Thrombocytopenia occurred in all groups but was dominant in the dengue and coinfection groups. Decreased platelets in DF are due to (i) platelet destruction due to antibodies against platelets, (ii) disseminated intravascular coagulation, (iii) bone marrow suppression in the early stage, and (iv) peripheral sequestration of platelets [29] . A falling trend of platelets was seen in the dengue coinfection groups. This study divided cases into 4 categories based on the platelet count with close monitoring of vitals.
• No risk category: Patients with a platelet count >100,000/µL • Low-risk category: Patients with a platelet count from 50,000 to 100,000/µL • Moderate-risk category: Patients with a platelet count from 10,000 to 50,000/µL • High-risk category: Patients with a platelet count <10,000/µL.
Platelet transfusion was done in high-risk category patients prophylactically and in patients with hemorrhage irrespective of the platelet count. Thirteen patients with DF alone and one with coinfection needed platelet transfusions.
No specific antiviral agent is indicated for dengue or chikungunya. Only paracetamol and/or tramadol are advised for fever and severe body aches, while nonsteroidal anti-inflammatory drugs, steroids, and antivirals are contraindicated. Judicious monitoring of intravascular volume replacement prevents severe dengue (DHF/DSS) and lowers the risk for hospitalization. Certainly, public awareness with incomplete information sometime creates nuisance in reference of decreasing trend of platelets count. In this situation, early platelets transfusion are forced irrespective of degree of thrombocytopenia. Therefore, correct information should be updated publically time to time. Furthermore, it is important to cross-check the platelet count manually before transfusion because automatic analyzers often underestimate the count if platelet clumping occurs. There are specific recommendations for platelet transfusion (i) prophylactic transfusion when the platelet count <10,000/μL and (ii) therapeutic transfusion when bleeding manifestations are present, irrespective of the platelet count, (iii) prolonged shock with coagulopathy and abnormal coagulogram and (iv) platelet transfusion may be needed with packed red cell transfusion in case of systemic bleeding [29] . Receiving multiple platelet transfusions may result in alloimmunization to many human leukocyte antigen-and platelet-specific antigens [29] . Hence, platelet transfusion should be done cautiously as per indications and single-donor apheresis platelets transfusion should be promoted over random donor platelets to decrease future transfusion-related risks.
Recent studies have reported increasing incidences of atypical hemorrhagic manifestations [30] and hepatic dysfunction [31] . Hepatic dysfunction was the most common complication in our dengue and coinfection groups. Elevated serum ALT occurred in 66.67% of dengue cases and elevated serum AST in 86.27%. Two patients in the DF group died, one (35 years old female) due to DHF and other (22 years old female) due to hepatic failure.
Many recent studies reported coinfection is associated with clinically severe disease leading to high mortality compared with monoinfection [3] . In contrast, our study supports findings from a study conducted in Africa that concluded coinfection had no added clinical manifestations [26] . Therefore, further studies involving larger sample sizes in endemic areas are needed to better understand the clinical and biochemical profile in dual viral infections.
conclusIon
Coinfection with chikungunya does not increase severity of dengue. However, clinically suspected cases should be tested for both viruses in endemic areas, especially in the monsoon season. This would help to calculate the true burden of dengue and chikungunya coinfection. Timely and appropriate management can assist in the prediction and control of outbreaks.
The limitations of study
First, reverse transcription polymerase chain reaction molecular diagnostic test was not performed in the present study which is more sensitive and specific than ELISA, and second, it was a cross-sectional design, conducted at a single center with limited cases.
